The risk created by infectious microorganisms to humans attracted the development of common medicine. To find an alternative source, medicinal plants with diverse metabolites play an important role in curing the diseases and human disorders caused by microbial pathogens. Medicinal plants namely, Citrullus colocynthis, Hyoscyamus muticus, Ocimum basilicum, Amaranthus lividus, Salvia aegyptiaca and Ruta chalepensis are commonly used as a traditional medicine in Gulf countries. The present study aimed to investigate the antibacterial, antifungal and antioxidant potential of the organic crude extracts obtained from the seeds. Besides, the possible antimicrobial mechanisms of the extracts were evaluated by determining the enzyme activities. The antibacterial and antifungal activities of the crude extracts were evaluated by the broth micro dilution method and the effect of the extracts on the pathogens were determined by quantifying the alkaline phosphatase (ALP), lactate dehydrogenase (LDH) enzymes and intracellular protein leakage. Besides, the antioxidant properties were determined using hydroxyl radical scavenging assay, DPPH radical scavenging assay, reducing power assay and superoxide radical scavenging assay. Results indicated that the extracts of C. colocynthis showed promising activity against all the tested pathogens, especially the MIC values were ranged from 100 to 150 μg/ml for Gram positive bacteria and 100 to 250 μg/ml for Gram negative bacteria respectively. The MIC values of H. muticus, O. basilicum and R. chalepensis against the fungal pathogens were ranged from 100 to 500 μg/mL respectively. The ALP activity was higher in extract treated Klebsiella pneumoniae compared with control, whereas the LDH and protein concentrations for Escherichia coli and Staphylococcus aureus were comparatively higher. Furthermore, all the studied seed extract showed good antioxidant activities. In conclusion, the studied plant seed extracts documented good antimicrobial and antioxidant activities. Therefore, the medicinal plants would be the excellent source for natural antioxidant and 
Introduction
Bacteria, fungi, viruses and parasites create infectious disease to human. Among the bacterial pathogens, different species including Enterococci, Salmonella, Staphylococcus, Bacillus, and Pseudomonas are the major causative agents for the symptom of fever, diarrhea, cough and other human infections [1] . Various infections and disorders caused by these pathogenic strains were cured by the innovative discovery of modern medicine and antibiotics. However, the frequent usage of the common antibiotics and therapeutic compounds for the prevention of disease causing pathogens triggered to the emergence of microbial resistance to the commonly used antibiotics. Also, the production of novel antimicrobial compounds by chemical and pharmaceutical industry has increased tremendous improvement, however, the spreading of the diseases were not comparatively reduced, whereas; creates other side effects such as immune suppression, allergic reactions and hypersensitivity reactions respectively [2] . Therefore, there is an urgent need for the invention of novel molecules with fewer side effects. At present, more than 60% of the world's population is using plant based medicine in the healthcare units [3] . In this regards, novel lead molecules isolated from active beneficial bacteria and traditional rare medicinal plants would be the alternative route for the development good active formulations with side effects.
Among the isolated compounds, the novel molecules recovered from plants are shown to produce lesser side effects than the commonly used antibiotics [4] .
During the twentieth century, many researchers were interested to identify the useful medicinal plants to unlock the secrets of ancient herbal remedies with various ailments. Indeed, antibacterial, antifungal, antioxidant, antibiofilm, anticancer, antidiabetic, antihpertension, and other cardiovascular protective properties of medicinal plants are reported from different parts of the world [5] .
The phytochemicals such as phenolic compounds, flavanoids, anthocyanins, alkaloids, terpernoids, saponins and quinine molecules obtained from traditional medicinal plants are mainly responsible for their potential activity [6] [7] [8] [9] .
Due to the presence of wide range of metabolites, medicinal plants from Gulf countries especially kingdom of Saudi Arabia were investigated for various activities [10] [11] [12] . Recently, Al-Juraifani (2011) investigated the antibacterial and antifungal potential of Thymus vulgaris, Salvia officinalis, Boswelia carterii and Boswelia carterii against Bacillus cereus, Staphylococcus aureus, Streptococcus sp., Micrococcus luteus Vibrio tubiashii, Cellulosimicrobium cellulans, Fusarium oxysporum and Aspergillus flavus respectively [13] . Like other coun-try Saudi Arabia is also rich in traditional medicinal plants with various biological activities.
Citrullus colocynthis L distributed in the desert area of gulf region belong to cucurbitaceae family contains alkaloids such as colocythin and colocynthidin, cucurbitacin, saponin and glycosides were traditionally used in the treatment of jaundice and constipation [14] . Species of Hyoscyamus belong to Solanaceae family, known for the presence of many phytochemicals such as hyoscine, apohyoscine, belladonines apoatropine, hyoscyamine, skimmianine, tropine caturamine, hyoscypicrin, apoatropine, cuscohygrine, phytin, tropine, hyoscine aphoyoscine choline, alpha and beeta belladonine and hyoscine respectively with various biological activities [15] . Ocimum basilicum (Lamiaceae) is another widely studied medicinal plant commonly observed in the warm temperate region is known for its applications towards the treatment of diarrhea, pneumonia, fever respiratory tract infections, ophthalmic, headache, cough, skin disease, and conjunctivitis respectively [16] . Amaranthus lividus is also distributed in the warm places and is used in the treatment of various disorders [17] . Salvia aegyptiaca is known for the presence of abietane, diterpenoids, triterpenoids and sesquiterpenoids with antimicrobial and anti-leishmania activities [18] . Ruta chalepensis is widely used in the treatment of urinary tract infections and the phytochemicals recovered from this plant exhibited comparatively better antimicrobial activity against the clinical pathogens [19] . With these information's, the present study aimed to investigated the antimicrobial and antioxidant properties of the seeds of C. colocynthis, H. muticus, O. basilicum, A. lividus, S. aegyptiaca and R. chalepensis. In addition the possible antimicrobial mechanism of the extract of the seeds also determined.
Materials and Methods

Collection of Plant Seed Materials
Seeds of six medicinal plants namely C. colocynthis, H. muticus, O. basilicum, A. lividus, S. aegyptiaca and R. chalepensis were collected from the desert region of gulf countries.
Solvent Extraction of Seeds
Seeds of the medicinal plants were collected and shade dried for three days before solvent extraction. For solvent extraction, the seeds were finely powdered using the blender and the powder was mixed with ethyl acetate. Further, the mixture was thoroughly vortexed and rapped with air-tight cotton plug and tightly covered with aluminum foil. After that the mixtures containing flask was kept in the orbital shaker and mixed in the gradual speed of 100 rpm for three days. Finally, the mixtures was filtered using the whatman No-1 filter paper and the collected supernatant was further centrifuged at 12000 rpm for 15 min for complete removal of the debris. The debris free supernatant was concentrated using vacuum evaporator at 40˚C which was maintained by supplying chilled water under reduced pressure. The collected solvent phase was discarded and the concentrate containing the photochemical were transferred into the air-tight brown bottle and safely stored in the cold cabinet for further experiments. (KACC 44022) were evaluated for the antimicrobial activity.
In-Vitro
Antimicrobial Activity
Antibacterial activity of the extract was determined by disc diffusion method [6] .
Briefly, the bacterial strains were freshly prepared and sub-cultured before performing the experiment. Fifty micro liter of active cell suspension were evenly spread on the nutrient agar plates in aseptic condition. After that the sterile disc impregnated with the extracts were placed on the top of the plates and incubate at 37˚C for 17 h. The antimicrobial activity was determined by measuring the zone of inhibition around the discs. This experiment was performed in triplicates. Whereas for determination of antifungal activity, the fungal spore suspension were mixed with sterile semi-solid potato dextrose agar together with the varying concentrations of the extract. Attention must take care that the fungal spore and the extract should be mixed when the temperature is around 50˚C.
Control plate was maintained without addition of the extract. After incubation at 30˚C for two days, antifungal activity was determined by comparing the difference in the fungal biomass growth. This experiment was performed in triplicates for further confirmation.
Minimum Inhibitory Concentration (MIC)
Standard reported method was followed for the determination of minimum inhibitory concentration in 96 well plate [6] .
Determination of Mechanism of the Antimicrobial Activity of the Extract
Alkaline Phosphatase (ALP) Quantification
The content alkaline phosphatase (ALP) was quantified by following the modified method of Arokiyaraj et al. 2014 [20] .
Lactate Dehydrogenase (LDH) Quantification
Lactate dehydrogenase (LDH) is present in the cytoplasm of the bacteria. LDH level was analyzed to determine the damage caused by the extract to the pathogenic bacteria. The LDH level was quantified by following the method of Arokiyaraj et al. (2014) [20] .
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Intracellular Protein Leakage
The effect of the extract in the intracellular protein level was monitored. For evaluating the extracts influence in the intracellular protein levels, the freshly grown bacteria were cultivated by supplementing the extract. After that the cells were cultivated under micro-aerobic condition in the shaking incubator for 24 h.
After incubation the supernatant was collected and level of protein was measured by following the method of Bradford (1976) [21] .
In-Vitro Antioxidant Activities
Hydroxyl Radical Scavenging Activity
In vitro hydroxyl scavenging activity of the seed extract was determined by following the method of Sunil et al. (2014) [22] .
Scavenging activity (%) = [1 − (absorbance of sample-absorbance of blank)/ absorbance of control] × 100
DPPH Radical Scavenging Assay
The DPPH scavenging activities of the compounds were determined by following the method of Hanato et al. (1988) [23] .
Reducing Power
Reducing power of the metabolites was determined by following the method of Oyaizu, (1986) [24] . BHT at various concentrations was used as standard. Increased absorbance of the reaction mixture indicates increase in reducing power.
Superoxide Radical Scavenging Assay
As described by Sunil et al. [22] NBT (tetrazolium reagent) method was followed for the superoxide radical scavenging assay.
Results
Antibacterial Activity of the Medicinal Plant Seeds
The antibacterial activity of the selected six medicinal plant seeds ethyl acetate extracts are showed in The MIC of the standard streptomycin were ranged from 2.5 to 50 μg/ml respectively. The extracts of S. aegyptiaca and R. chalepensis did not expressed activity towards S. epidermidis, S. aureus, P. aeroginosa and K. pneumoniae.
Antifungal Activity of the Medicinal Plant Seeds
The antifungal activity of the selected six medicinal plant seeds extracts are presented in Table 2 . Among the seeds, A. lividus showed significant activity against the filamentous fungi, B. cinerea revealed the lower MIC values (100 μg/mL) and other fungi such as A. niger, C. lunata, F. oxysporum, and G. moniliformis showed MIC at 125 μg/mL concentrations. The extracts of C. colocynthis, H. muticus, O. basilicum and R. chalepensis exhibited the MIC values ranged from 100 to 500 μg/mL respectively. Among the seeds, S. aegyptiaca showed the moderate activity against all the tested fungal pathogens. The extracts of S. aegyptiaca did not showed activity towards A. niger, B. cinerea, C. albicans and C. lunata, whereas the MIC values of F. oxysporum and G. moniliformis were above 500 μg/mL respectively. The positive control showed MIC values from 25 -100 μg/mL for the selected fungal pathogens.
Antimicrobial Mechanism of the Extract
Quantification of Alkaline Phosphatase (ALP)
The quantification ALP enzyme gives further evidence that the treatment of (Figure 1(a) ). ALP was noted higher in P. aeruginosa in the case of R. chalepensis treatment. The increase in the concentration of the ALP enzyme proved that the plant extracts created the unfavorable environment to the bacteria which resulted in the release of the enzymes.
Quantification of Lactate Dehydrogenase (LDH)
The levels of LDH in the extract treated samples were showed in Figure 1(b) . All the seeds extract exhibited higher level of enzyme in the culture broth indicated that the extracts directly attach the cell wall of the bacterial and create unfavorable condition for the growth. Particularly, the LDH level of S. aureus treated with C. colocynthis was 64.7% higher than the control. Also, treatment with H. muticus exhibited 61% higher LDH in K. pneumoniae. Similarly, the extracts of O.basilicum, A. lividus, S. aegyptiaca and R. chalepensis pronounced comparatively higher level of LDH in the spent medium.
Quantification of Intracellular Protein Leakage Level
The results revealed that the treatment of the extract with the microbial strains showed higher release of protein in the supernatant. Among the pathogenic bacteria, the protein concentration S. aureus was higher (79%, 76%, 74% and 72%) than the control in R. chalepensis, A. lividus, S. aegyptiaca and O.basilicum treated samples, followed by P. aeruginosa (70.68%) and K. pneumoniae (60.15%) in C. colocynthis and H. muticus (Figure 1(c) ). 
Antioxidant Activity of the Medicinal Plant Seeds
Hydroxyl Radical Scavenging Activity
The ability of the seeds extracts to scavenge the hydroxyl radical is displayed in Figure 2 (a). All the seeds extracts revealed the scavenging activity in a dose dependent manner. In particular for C. colocynthis, the concentrations for 50% inhibition were found to be 163 and 125 μg/mL for the crude ethyl acetate extract and BHT, respectively. The 50% inhibition of other seeds extracts were noted in the figure.
DPPH Radical Scavenging Assay
The ability of the seeds extracts to scavenge DPPH free radicals are shown in Figure 2 (b). All the seeds extract revealed varying scavenging effects. However, the DPPH scavenging activities were noted as the dose dependent manner. Fifty 242, 147 and 312 μg/mL for C. colocynthis, H. muticus, O. basilicum, A. lividus, S. aegyptiaca and R. chalepensis respectively. All the extracts revealed the highest scavenging rates at 76%, 51%, 70%, 57% 83% and 36% at 250 μg/mL concentration whereas standard BHT showed 90% at 2500 μg/mL concentration.
Reducing Power
The reducing power ability of the extracts was compared to the standard BHT (Figure 2(c) ). Results indicated that all the six extracts exhibited differences in their reducing power reactions. In general, all the extracts comparatively showed good reducing power with respect to the concentration of the extract. 
Superoxide Radical Scavenging Assay
Discussion
Novel active lead molecules recovered from different medicinal plants throughout the world create the foundation for the development of new antibiotic or the therapeutic products for the treatment of infectious disease caused by pathogenic microbial strains including bacteria and fungi because of its safe use than the modern synthetic drugs with number of side effects [7] . It is estimated that 80% There antimicrobial mechanism of the extracts was determined by evaluating the enzyme concentration in the spent medium. Further, the in vitro antioxidant properties also evaluated.
From the results, The MIC values of the selected plants extracts against Gram positive and Gram negative microbial pathogens were ranged from 100 to 500 μg/mL. The results indicated that the lowest MIC value (100 μg/ml) of the extracts of A. lividus was against S. aureus, K. pneumoniae and P. aeroginosa. MIC value was comparatively higher (500 μg/ml) against uropathogenic bacteria E. faecalis. The activity of the extracts against the Gram negative bacteria was interesting, especially, the extracts of C. colocynthis documented the lowest MIC (100 μg/mL) was recorded against P. aeruginosa and the highest MIC (250 μg/mL) was recorded against K. [29] . The present study confirmed that the Gram positive bacteria are more susceptible to all the tested extracts as they have a susceptible cell wall layer [30] . The urinary infection causing K. pneumoniae, E.coli and P. aeroginosa also revealed moderate activity against all the six extracts, even though the bacteria contains thick cell wall membrane which rarely permit the molecules inside the cells [30] .
The increasing rate of fungal infections such as aspergillosis and candidiasis leads to severe immune-suppression diseases [31] . In the present study all the extracts exhibited comparatively moderate activity against all the tested fungi and the MIC values ranged within 100 -500 μg/mL respectively. The extract of C. colocynthis, documented MIC value >250 μg/mL for A. niger¸500 μg/mL (B. cinerea), 125 μg/mL (C. albicans), 250 μg/mL (C. lunata), 100 μg/mL (F. oxysporum) and 100 μg/mL (G. moniliformis). Similarly, Eidi et al. (2015) , claimed that the crude extract of C. colocynthis documented the MIC of 1.56 to 12.5 mg/ml against Aspergillus fumigates, A. niger, Candida guilliermondii and Candida kreusei respectively [32] . The inhibitory activity of the extract might be due to the presence of active compounds including glucosides and resins which are water soluble and inhibit enzymatic activity in the cytoplasmic membrane [33] .
Cota et al. (2013) , reported that the phytochemicals present in the medicinal plants actively diffuse through the cytoplasmic membrane and compete for the active sites of certain enzymes inside the cell thereby arresting the strains to grow [34] . In addition many studies evidenced the antifungal activity of C. colocynthis [35] [36] [37] .
The antimicrobial mechanisms of the plant derived metabolites were elucidated by several researchers. However, the exact mechanisms of action were not completely reported. Researchers claimed that the active molecules attach the cell wall of the pathogenic microorganisms and create the unfavorable environment to the outer cellular membranes leading to the alteration of cellular contents and leakage of inner membrane contents [38] . 
Conclusion
In conclusion, the antibacterial, antifungal and antioxidant properties of six medicinal plants seed collected from Saudi Arabia were investigated. All the extracts revealed good antibacterial activity against the Gram positive and Gram negative pathogens, especially the MIC of the extracts against the fungal pathogens were ranged from 100 to 500 μg/mL respectively. All the studied extracts showed promising activity against the filamentous fungal pathogens. The mechanisms of antimicrobial potential of the extracts were confirmed by evaluating the contents of ALP, LDH and extracellular protein contents. The elevated levels of the enzyme concentration in the extract treated microbial pathogens were its advantage. Additionally, all the extract showed promising antioxidant activity.
Future studies would plan to isolate the novel active metabolites from the crude extract and investigate its application in treating infectious diseases and oxidative stress-related diseases. Also, accurate in vitro cultivation methods would be developed for the propagation of the medicinal plants for bulk cultivation.
